Prior to the twentieth century, tuberculosis as a disease was considered to be of little importance to the general population in India. Much more importance was attached to the description of disease in European immigrants as compared to its occurrence in native Indians, a fact that is much different from the situation today. In his notes on the prevalence of tuberculosis in India, Lt Col Wilkinson noted with interest in 1914 that the mention of tuberculosis in Indian literature was scanty due to its low prevalence[@ref1]. However, he considered the possibility of the disease having been confused with an alternate diagnosis of malaria, which was more prevalent. Wilkinson documented a rise in the incidence of tuberculosis in India and also the mortality associated with it. While several studies during the last century have improved our understanding of the disease, yet the literature on tuberculosis in India leaves much to be desired.

Epidemiological information on tuberculosis has always been vital for planning control strategies, and has now gained further importance for monitoring the impact of interventions against the disease. There are only a few reports on the magnitude of tuberculosis from population based surveys, but most data come from health institution based case notifications in selected subsets and often lack completeness and consistency[@ref2][@ref3][@ref4][@ref5][@ref6][@ref7]. In view of low health service coverage, a developing diagnostic network, and a weak disease notification system, it is not only difficult to determine the magnitude of tuberculosis from case notification alone, but it is also impossible to monitor the effectiveness of control measures. The targets for tuberculosis control framed within the United Nations' Millennium Development Goals include reduction of the prevalence and mortality associated with the disease in 1990 to by 50 per cent by 2015. While monitoring control, the aim is to assess the incidence of tuberculosis accurately through routine surveillance. Prevalence surveys give an unbiased measure of burden and are justified in high burden countries where many cases may be otherwise missed[@ref8][@ref9].

A survey conducted in 2003 indicated the presence of as many as 1.5 million infective cases of tuberculosis in the community[@ref10]. Further, with 1.6-2.4 million incident cases in 2008, India was ranked first in terms of the total number of incident cases of tuberculosis in 2008[@ref11]. Tuberculosis is responsible for as many as 29 deaths per year per 100,000 people. In a country with over a billion people this translates to as many as 290,000 deaths in a year[@ref12]. With a reported prevalence of 283 cases per 100,000 population, India is among the 22 high burden countries for tuberculosis in the world[@ref13]. Different studies across the country have estimated a prevalence of smear-positive pulmonary tuberculosis between 60 and 760 per 100,000 population, culture positive tuberculosis between 170 and 980, and culture and/or smear positive prevalence between 180 and 1270 per 100,000 people[@ref9].

The present study was done to estimate the prevalence of bacillary tuberculosis in Faridabad district in Haryana, India, among persons aged older than 15 yr.

Material & Methods {#sec1-1}
==================

The Faridabad district has a population of 2,194,586 people, growing at a rate of 48.47 per cent as recorded over the last decade, with a sex ratio of 839 females per 1000 males[@ref14]. More than half (56%) of the people reside in the urban areas and almost a third are illiterate. The Revised National Tuberculosis Programme was adopted in Faridabad district in April 2000[@ref15]. Currently, there are four treatment units in the district at Ballabgarh, Palwal, Hodal and Faridabad city besides the 21 designated microscopy centers. In this cross-sectional study, residents of Faridabad district were assessed for the prevalence of tuberculosis. The rural and urban clusters were sampled separately proportional to their size.

*Training of staff:* The research staff recruited for the study was trained at Tuberculosis Research Center (now National Institute of Tuberculosis Research) in Chennai, for four weeks in November 2007. The field staff was trained for door-to-door census, elicitation of symptoms, sputum collection and reporting. The laboratory technicians were trained for sputum microscopic examination, use of fluorescent microscope and culture processing. Further, the research team was also trained to use 'TPT 69' card.

Before initiating field work, cooperation and support was obtained from the district health officials, and medical officers of various tuberculosis units and centers. In addition, local community leaders were contacted and sensitized towards the study. Cluster mapping was undertaken with their help.

*Subject selection and data collection:* The current recommended strategy for identification of cases of pulmonary tuberculosis is one of passive case finding among patients with respiratory symptoms who present spontaneously to health care facilities. Symptoms such as cough for two weeks or more is used to guide examination of sputum for tuberculosis detection. In a cross-sectional house-to-house survey over 15 months between January 2008 and March 2009, all individuals over 15 years were registered and screened by enquiring for previously defined symptoms suggestive of tuberculosis vis-à-vis cough, fever, chest pain and previous history of tuberculosis. The district was taken as the sampling universe and stratified cluster sampling was undertaken. Rural and urban clusters were sampled separately. The rural cluster was a village while an urban cluster was defined as an area which covered two contiguous polling booths. Rural and urban clusters were sampled separately so that the rural-urban distribution in the sample was similar to the rural-urban distribution of the population in the district. Clusters in urban and rural areas were selected systematically from the entire list of such clusters in the district and arranged in ascending order of the population. The sampling was proportional to size. The entire eligible population in the selected cluster was covered.

Individuals were classified as symptomatics if they had cough for over two weeks; or chest pain or fever for over one month; or haemoptysis on any occasion over six months preceding the interview. They were labelled asymptomatic but eligible if they had previously received anti-tubercular treatment on any occasion. It was estimated that 60 per cent of cases would be picked up by eliciting their symptoms and thus the prevalence was estimated at 2.4 per 1000 population. To achieve a precision of 20 per cent with 95 % confidence intervals presuming a minimum coverage of 90 per cent with a design effect of 2, the sample size required was calculated to be 90,000 individuals older than 15 yr. Twelve rural and 24 urban clusters with estimated populations of 41,106 and 64,827 individuals were selected for the study.

Two sputum samples were collected, one was taken on spot and the second was obtained next morning from all eligible subjects. The sputum samples were collected in sterile, single-use disposable containers and were transported to the central laboratory at the All India Institute of Medical Sciences, New Delhi on the same day in ice-packs for storage. The samples collected were examined by direct smear microscopy and subjects were identified as smear positive cases of tuberculosis if at least one sputum sample was found positive for acid-fast bacilli (AFB). These were processed by modified Petroff\'s method[@ref16] and examined under fluorescence microscopy. The sputum was cultured on Lowenstein-Jensen medium and examined for growth of *Mycobacterium tuberculosis* once a week for eight weeks. A person found positive by smear and/or culture was identified as a sputum-positive pulmonary tuberculosis case. All subjects identified as cases, were treated with Directly Observed Treatment Short-course (DOTS) under the Revised National Tuberculosis Control Programme (RNTCP). Subjects were excluded if no sputum could be obtained despite efforts at induction.

The study protocol was approved by the ethics committee of the All India Institute of Medical Sciences, New Delhi. All participants were included only after they gave written and informed consent.

*Quality control:* A random sample of study participants screened for symptoms by field workers was screened independently by an independent supervisor on day-to-day basis; 10 per cent of the individuals included in the study were reviewed by the supervisors who stayed in the field with investigators and interviewed the participants. The extent of agreement was reviewed between the two regularly during the course of the survey. Excellent concordance was reported by the supervisors in their survey. Sputum examination and culture were subjected to quality assurance protocols as per the guidelines under the Revised National Tuberculosis Control Programme. Five positive and five negative slides were re-examined by systematic random method and a feedback on quality of smear, stain, reading and reporting was given. The extent of agreement was ascertained and found to be excellent. The progress of the project was periodically reviewed by a team of experts including members from WHO, Geneva constituted by the Central TB Dvision of the Ministry of Health and Family Welfare, Government of India.

*Statistical analysis:* The results were analyzed using SPSS version 11.0 (SPSS Inc, Chicago, IL, USA). The outcome variable was the diagnosis of tuberculosis and the proportion of cases of tuberculosis among all included subjects was calculated. The prevalence of sputum and/or culture positive cases was calculated using appropriate formulae. The differences in proportions were analyzed for significance using the chi-square test.

Results {#sec1-2}
=======

A total of 105,202 subjects were enumerated in various clusters of the Faridabad district. There were 50,057 (47.58%) females and 55,145 (52.42%) males; 61,368 (58.33%) were from the urban clusters while 43,834 (41.67%) were from the rural clusters. Of these, 98,599 (93.7%); (50,623 men and 47,976 women; 41,261 rural and 57,338 urban) were examined by the study group. A flowchart detailing the conduct of the study is presented in the [Figure](#F1){ref-type="fig"}.

![Flowchart depicting the study design.](IJMR-141-228-g001){#F1}

Among those found eligible for participation (n=1860), 221 (11.9%) subjects complained of cough for two to four weeks; 258 (14%) had cough for one month to less than two months; 122 (6.6%) had cough for two to three months; 154 (8.3%) had cough for three months to less than six months; while 576 (31%) had cough for more than six months duration. While evaluating chest pain it was found that 105 (5.6%) subjects had chest pain for over one to two months; 52 (2.8%) for two to three months; 75 (4%) for three to six months; while 156 (8.4%) subjects had chest pain for over six months. Further, 41 (2.2%) subjects had fever for one to two months; 18 (1%) since two to three months; 15 (0.8%) since three to six months; while 46 (2.5%) subjects were febrile for over six months. A total of 167 (9%) participants had haemoptysis over the previous six months and 786 (42.3%) subjects received anti-tuberculosis treatment in the past.

Of the 1860 individuals found eligible for sputum examination, two samples could be examined for 1362 (73.2%) subjects and at least one was examined for 1337 (71.9%) subjects. Sputum could not be examined from individuals who either refused (86, 4.6%), could not produce (89, 4.8%) or collection was not feasible (348, 18.7%). A total of 81 (4.4%) sputum samples were found smear positive while 82 (4.4%) were culture positive. Sixty three (3.4%) subjects were both smear and culture positive, while 19 were smear negative but culture positive and 18 (1%) were only smear positive for AFB. Of the total eligible population (105,202) in the district, 100 were found either smear or culture positive during the study. The overall prevalence of sputum smear or culture positive pulmonary tuberculosis in our study was found to be 101.4 per 100,000 population. The distribution of the examined subjects, results of the sputum examination and the calculated prevalence among the subjects is presented in the [Table](#T1){ref-type="table"}.
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Discussion {#sec1-3}
==========

A total of 105,202 individuals in urban and semi-urban sectors of Faridabad were included in the current cross-sectional house-to-house survey between January 2008 and March 2009, and the adjusted prevalence of smear positive pulmonary tuberculosis was found to be 101.4 per 100,000 population.

The prevalence of tuberculosis in India was first studied comprehensively in 150 villages, six cities and 30 towns in India in nearly 300,000 subjects aged more than five years by Chakraborty *et al* in 1950 and it was found that the disease was more prevalent in the rural areas with an overall prevalence of 400 per 100,000 population[@ref17]. Several surveys have been done in subsequent decades for the estimation of tuberculosis in Tumkur[@ref18], Madanapalli[@ref19], Bengaluru, Car Nicobar[@ref20], Chingleput[@ref21], Delhi[@ref22], Raichur[@ref23], North Arcot[@ref24], Wardha[@ref25], Morena[@ref26], Chhindwara[@ref27] and Jammu[@ref28]. The prevalence of tuberculosis has shown little change over the years as revealed by serial surveys[@ref9][@ref18][@ref21].

The World Health Organization (WHO) has recorded a prevalence of 283 cases per 100,000 population of all forms of tuberculosis in India in its report published in 2009[@ref13]. In the same report a notification rate of 51 new sputum smear positive cases per 100,000 population/year has been reported. Our prevalence of 101.4 sputum smear positive cases per 100,000 population appears to be higher than the notification rate as reported by the WHO but this discrepancy may easily be due to the difference in the passive approach to case notification as compared to a more active case detection employed during the current study settings.

Individual studies across India have estimated a prevalence of smear-positive pulmonary tuberculosis between 60 and 760 per 100,000 population[@ref9]. Authors have shown the association of occurrence of tuberculosis to several determinants including use of biomass fuels[@ref29], age, sex, initial tuberculin sensitivity[@ref30] and lower socio-economic index[@ref31]. Narang *et al*[@ref25] studied a total of 114,266 individuals over five years of age in the tribal and non-tribal population in Ashti and Karanja districts of Wardha, Maharashtra in India in a cross-sectional house-to-house survey. They found that the prevalence of tuberculosis was highest in males over 55 years of age. The authors found a total of 148 sputum positive cases of tuberculosis. Of these, 55 were positive on both microscopy and culture while 65 were detected positive on culture alone. They found a prevalence of 142 smear positive cases per 100,000 population in the total population which is higher than our estimate. In another study, Chakma *et al*[@ref26] have reported a prevalence of 12.7 per 100,000 population of Morena district of Madhya Pradesh. In a recently concluded study, Rao *et al*[@ref27] estimated the overall prevalence of pulmonary sputum positive tuberculosis among the Bharia tribal population in Patalkot valley of Chhindwara district of Madhya Pradesh at 432 per 100,000 population. They found that the prevalence increased significantly in those over 45 yr of age[@ref27]. Ray and Abel[@ref24] while studying four villages in the KV Kuppam Block of North Arcot Ambedkar district of Tamil Nadu, south India, covered the entire population of 22,847 people aged older than 10 yr in the area and estimated a prevalence of 241 per 100,000. Gopi *et al*[@ref32][@ref33] have found that the prevalence of smear positive TB was 323 per 100,000 and that of culture positive TB was 605 in Tiruvallur district in south India. Data available from Delhi and neighbouring areas indicated that the prevalence of tuberculosis in the region was 330 per 100,000 population in 1991[@ref22]. However, this estimate represents an era prior to the implementation of DOTS in the region and the statistics are likely to have changed with the implementation of RNTCP. A decline in prevalence has previously been noted in this district of Tiruvallur following the implementation of DOTS approach under the RNTCP over five years and the prevalence in the same population has been reported to be 169 smear positive cases per 100,000[@ref34] in 2008.

In the neighbouring countries in an earlier study Alvi *et al*[@ref35] have reported a prevalence of 554 smear positive cases detected from examination of a single spot sputum sample in a population of 100,000 while studying 1077 people in Shimshal Valley in Pakistan. They found a prevalence of 1949 cases of smear negative active tuberculosis diagnosed on chest radiography in the same region. Hussain *et al*[@ref6] from the same region reported a high prevalence of latent tuberculosis detected by tuberculin skin test in institutional setting from the North West Frontier Province in Pakistan. Similar studies have been conducted in other developing countries to estimate the burden of pulmonary tuberculosis. Shargie *et al*[@ref36] studied a population of 28,464 in Lemo district of Ethiopia and estimated a prevalence of 78 per 100,000 people in the area in 2003. They showed that the patients detected through their study were younger and ill for longer duration than those who were already on treatment. They also showed that for every two patients on treatment, there was one case of infective tuberculosis in the community who remained untreated and was diagnosed due to the survey.

The major strength of the current study was that it was one of the largest community based Indian studies to determine the prevalence of tuberculosis after the initiation of the Revised National Tuberculosis Control Programme with door-to-door survey and collection of data supported by sputum smears and cultures. It would have been desirable to have 100 per cent sputum collection from the 1860 subjects identified eligible for sputum examination but this was not possible due to operational difficulties and no sputum samples could be collected for 498 participants while only one sample could be examined for 25 participants. It would be interesting to consider how it would have affected our results had the study achieved an ideal one hundred per cent coverage within the study subjects. Considering similar positivity rates among the eligible subjects whose sputum could not be examined, our results might slightly underestimate the actual prevalence of tuberculosis in the community. While it would have been further desirable to support the diagnosis with radiographic evidence in the form of an X-ray of chest, this was beyond the scope of the current study.

In conclusion, the present study estimated the prevalence of sputum smear positive pulmonary tuberculosis to be 101.4 per 100,000 individuals in Faridabad district in Haryana. This compares favourably to the recorded national prevalence rate of 283 per 100,000 population and a case notification rate of 51 new sputum smear positive cases per 100,000 population per year[@ref13]. Special efforts may be needed to identify individual pockets of higher prevalence of disease and address them specifically while planning and designing control programmes.
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